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I. INTRODUCTION
Modern life solely depends on wireless network and mobile communication. It has attained a massive commercial success in the recent years. Unlike wired channels that are stationary and predictable, wireless channels are extremely random and time variant [1] . It causes multipath propagation. Multipath propagation in wireless communication system is a challenge. This phenomenon, caused by the arrival of multiple delayed copies of the transmitted signal at the receiver, results in Intersymbol Interference (ISI), severely distorting the transmitted signal at the receiver. This also causes time dispersion, attenuation, and phase shift, known as fading, in the received signal [2] . To transmit data from one location to another through wireless communication channel a lot of things have to consider such as modulation, encoding, filtering, equalization etc. For signaling schemes for transmitting digital information over band pass channels when the requirement is to conserve bandwidth at the expense of increased power [3] . These schemes are one of most efficient digital data transmission systems as it achieves better bandwidth efficiency than other modulation techniques and give higher data rate [4] .
M-ary modulation can enhance the power saving, especially in power-saving applications. There are many types of modulation techniques which are used for the transmission of information [5] . Different kinds of M-ary modulation techniques like MPSK, MDPSK, M-QAM etc. each of which offers benefits of its own [6] . The number of signals or number of M increases (M≥0, 1, 2, …, M) the error probability or more clearly the probability of Symbol error rate is increased [7] . For color image transmission and receiving, system has to handle a large amount of data. In order to reduce data, compression of the image is done. Lossy compression is most commonly used to compress multimedia data such as audio, video, and still images especially in applications such as streaming media and internet telephony. On the other hand lossless compression is required for text and data files, such as bank records and text articles.
In this paper MPSK and MQAM modulation scheme is considered. BER performance using different equalizers over Rayleigh fading channel in an outdoor environment is analyzed by MATLAB simulation. These equalizers are Maximum Likelihood Sequence Estimate (MLSE) equalizer, Decision Feedback Equalizer (DFE) and Linear Equalizer (LE). LE is used mainly for linear cases; DFE is used for non linear cases. But MLSE equalizer can be used for both cases [8] . For outdoor environments, path delays after the first are typically between 100ns and 10µs (i.e. between 1e-7s and 1e-5s) [9] . Here we have taken two paths of delay 1e-7s and 1e-5s. In practice, an average path gain value is a large negative dB value. However, computer models typically use average path gains between -20dB and 0dB. Here in this analysis the path gain is chosen -9dB and Doppler shift is taken 4HZ where the source moves at a speed 2.4m/s and the carrier frequency is 500MHZ.
The rest of the paper is organized as follows. The communication system model is described in Section II.
Section III describes Rayleigh fading channel. Section IV discuss about Equalizers. Results are discussed in Section V. Finally, Section VI provides the concluding remarks of this work. References are shown in Section VII.
II. THE COMMUNICATION SYSTEM MODEL
A color image of JPEG format is transformed to approximate color space. Now the matrix has to be divided into 8×8 matrices and discrete cosine transform is applied to each 8×8 block. As image is a 2D signal 2D version of the DCT is needed here. The definition of the two-dimensional DCT for an input image A and output image B is:
where M and N are the row, and column size of A, respectively. The DCT tends to concentrate information, making it useful for image compression applications. This transform can be inverted using inverse discrete cosine transform [10] , [11] .
After that quantization of the each 8×8 matrix has to perform. The DCT output matrix takes more space to store than the original matrix of pixels. If the input to the DCT functions consists of eight bit pixels values, the values that come out can range from a low of -1024 to a high 1023, occupying eleven bits. Now it is required to divide each 8×8 block from the DCT output by a normalization matrix which is shown in Table I and round the result to an integer. 40  51  61  12  12  14  19  26  58  60  55  14  13  16  24  40  57  69  56  14  17  22  29  51  87  80  62  18  22  37  56  68  109  103  77  24  35  55  64  81  104  113  92  49  64  78  87  103  121  120  101   72  92  95  98  112  100  103  99 After the quantization, the next step in the JPEG compression algorithm is to apply entropy encoding to the quantized DCT coefficients. At first the 8×8 submatrix is to rearrange in ZIG-ZAG order and become a row matrix. The performance and characteristics of a channel depends on the choice of digital modulation schemes. Moreover, one scheme is said to be better than other depending on the channel, required levels of performance and the target hardware trade-offs [12] .
Fading is the deviation of the attenuation affecting a signal over certain propagation media. The fading may vary with time, geographical position or radio frequency, and is often modeled as a random process. A fading channel arises from the movement of the transmitter and receiver, commonly referred to as the time-varying effect or Doppler effect [13] . In a multipath fading channel, the transmitted signal arrives at the receiver via multiple paths. These paths generally arise via signal reflection from the ground, hills, buildings, and any other large structures. They also arise from signal diffraction via bending around the corners of buildings or sliding across rooftops. They also can arise via signal scattering from small objects. Each signal path results in a randomly delayed, attenuated, and phase-shifted copy of the transmitted signal. Examples of fading models for the distribution of the attenuation are Nakagami fading, Lognormal shadow fading, Rayleigh fading, Rician fading, Weibull fading etc. Here we will discuss about Rayleigh fading.
III. RAYLEIGH FADING
The delays change in an unpredictable manner associated with different signal paths in a multipath fading channel and can only be characterized statistically. When there are a large number of paths, the central limit theorem can be applied to model the time-variant impulse response of the channel as a complex-valued Gaussian random process. When the impulse response is modeled as a zero mean complex-valued Gaussian process, the channel is said to be a Rayleigh fading channel. Rayleigh fading models assume that the magnitude of a signal that has passed through such a communications channel will vary randomly, or fade, according to a Rayleigh distribution. Rayleigh fading is viewed as a reasonable model for tropospheric and ionospheric signal propagation as well as the effect of heavily built-up urban environments on radio signals [14] , [15] .
Rayleigh fading is a reasonable model when there are many objects in the environment that scatter the radio signal before it arrives at the receiver. The central limit theorem holds that, if there is sufficiently much scatter, the channel impulse response will be well-modeled as a Gaussian process irrespective of the distribution of the individual components. If there is no dominant component to the scatter, then such a process will have zero mean and phase evenly distributed between 0 and 2π radians. The envelope of the channel response will therefore be Rayleigh distributed.
Calling this random variable R, it will have a probability density function:
Often, a complex number is convenient to represent the gain and phase elements of a channel's distortion. In this case, Rayleigh fading is exhibited by the assumption that the real and imaginary parts of the response are modeled by independent and identically distributed zero-mean Gaussian processes so that the amplitude of the response is the sum of two such processes. In this analysis, Jakes Doppler power spectrum has been considered. This spectrum model is actually due to Gans [16] , who analyzed the Clarke-Gilbert model [17] , [18] . The ClarkeGilbert model is also called the classical model. Jakes Doppler power spectrum applies to a mobile receiver. It derives from the following assumptions [19] : (i) The radio waves propagate horizontally. (ii) At the mobile receiver, the angles of arrival of the radio waves are uniformly distributed over [π, -π] [20] . At the mobile receiver, the antenna is omnidirectional (i.e. the antenna pattern is circular-symmetric).
IV. EQUALIZER
Equalizer is a kind of filter which is used to control dispersion of received signal. It has a frequency characteristic that is inverse of that of transmission medium. This will restore higher frequency component and eliminate pulse dispersion [21] . There are three types of equalization methods commonly used: Maximum Likelihood Sequence (MLSE) -Detection -Optimal, but Impractical. The MLSE Equalizer uses the Viterbi algorithm to equalize a linearly modulated signal through a dispersive channel [22] . Linear Equalizationsuboptimal, but simple. Non-Linear Equalization (DFE) -for severe ISI channels. Linear equalizers are simple to implement and are highly effective in channels where is the ISI is not severe (like the wired line telephone channel) [23] . Linear Equalizers are further classified into two types based on weight adaptation: Preset Equalizers, Adaptive Equalizers. DFE consists of a forward filter and a feedback filter formed. Once the receiver RX decisions on the received signal, the signal after its impact can immediately calculate and deduct. DFE using feedback system, so there is error propagation phenomena [24] MLSE: In a single-carrier frequency-selective Rayleigh fading environment, assuming a time-invariant Channel Impulse Response (CIR), the received symbols are described by [25] , [26] .
where S k denotes the kth complex symbol in the transmitted sequence of N symbols chosen from an alphabet D containing M complex symbols, is the kth received symbol, is the kth Gaussian noise sample N (0, σ2 ) and hj is the jth coefficient of the estimated CIR [27] . The equalizer is responsible for reversing the effect of the channel on the transmitted symbols in order to produce the sequence of transmitted symbols with maximum confidence.
V. RESULT AND PERFORMANCE ANALYSIS
(i) Performance analysis of different equalizers for MPSK modulation techniques under Rayleigh fading channel in outdoor environment implies in a FEC digital communication system are shown through Fig. 1 to Fig. 5 . Fig. 3 shows performance analysis for 4PSK modulation scheme with different equalizations. At 10 −1.5 BER the In order to achieve 10 −1.5 BER for 8PSK modulation scheme 11.8dB, 16.5dB and 15.85dB SNR are required by MLSEEQ, DFE(lms) and DFE(rls) respectively which is shown in Fig. 4 . Fig. 5 depicts for 16PSK modulation scheme to acquire 10 −1.5 BER the required SNR for MLSEEQ, DFE(lms) and DFE(rls) are 17.8dB, 23.8dB, 23.3dB respectively. (ii) Different equalizer's performance for MQAM modulation techniques under Rayleigh fading channel in outdoor environment which is implied in a FEC digital communication system are shown through Fig. 8 to Fig.  12 . Fig. 8 shows performance analysis for 4QAM modulation scheme with different equalizations. At 10 −2.5 BER the required SNR for MLSEEQ, DFE(lms), DFE(rls), LE(lms) are LE(rls) are 7.5dB, 13.8dB, 10.7dB, 14.7dB and 13.2dB respectively. For 8QAM and 16QAM LE(lms) needs more than 25dB SNR to attain 10 −1.5 BER. In order to achieve 10 −2 BER for 8QAM modulation scheme 13.1dB, 20.4dB 16.2dB and 18.6dB SNR are required by MLSEEQ, DFE(lms), DFE(rls) and LE(lms) respectively which is shown in Fig. 9 . Fig. 10 shows for 16QAM modulation scheme to acquire 10 −1.5 BER the required SNR for MLSEEQ, DFE(lms) DFE(rls), LE(rls) are 14.8dB, 23.8dB, 16.8dB and 21.5dB respectively. As the lossy image compression block diagram contains Huffman, Run length encoder and decoder which are kind of lossless compression technique so that little bit error rate is very much harmful for recovering the image after transmission. Fig. 13 shows the original image which has to be transmitted. Fig. 14 is the image after compression which is little bit deteriorated due to the compression. Retrieved image is shown by the Fig. 15 . As bit error rate is 0.00, the retrieved image is exactly same as the compressed image. From Fig. 7 , it can be said that MLSE equalizer helps to attain retrieve image same as compressed image for 4PSK, 8PSK and 16PSK at 9dB, 14dB and 21dB SNR respectively. From Fig. 12 we can say that MLSE equalizer helps to attain retrieve image same as compressed image for 4QAM, 8QAM and 16QAM at 8dB, 13dB and 19dB SNR respectively.
VI. CONCLUSION
In this paper we have analyzed the performance of different types of equalizers for MQAM and MPSK modulation technique over a multipath Rayleigh fading channel in an outdoor environment. The solution to this problem is to increase the value of the SNR. Decision Feedback Equalizer (DFE) shows better performance than linear equalizer. But for lower SNR performance of DFE is poor. In both case of equalization i.e. DFE and LE adaptive algorithm rls provides better result than lms. But MLSE equalizer provides the best performance among all the equalizers considered in this paper. Considering all the results and simulations it can be said that the use of 4QAM modulation technique and MLSE equalizer provides better result for color jpg image transmission. 
